Objective: To estimate the annual number of injections per person in Sindh province of Pakistan and to describe their distribution with regard to prescribers, settings, and safety. Design: A population-based cross-sectional study in July-September 2001. Setting: Lyan, an urban town in Karachi district; and Digri, a rural subdistrict in Mirpur Khas district.
equipment is also common. 11 However, no population-based estimates of injection frequency were available. Furthermore, no information was available with respect to the distribution of injections according to prescribers (e.g. MBBS) and injection providers (e.g. nurses). To address these, we conducted a survey to estimate the annual ratio of injection per capita in Sindh province, Pakistan, to describe the distribution of injections with respect to prescribers, injection providers, types of injection and health care facility, and to estimate the proportion of unsafe injections. We used WHO standardized methodology to generate estimates of injection use so that they could be compared with those reported in other countries. 13 
Materials and Methods

Study setting
We conducted a population-based cross-sectional survey from July to September 2001 in an urban and a rural setting in Pakistan's Sindh province. We selected Lyari, an urban town in Karachi (Pakistan's largest city) with an ethnically diverse population including Baloch, Punjabi, Mohajir, Pakhtoon, and Sindhi. Lyari has a population of more than 600 000 people with an average household size of 6.5 persons and a literacy rate of 67%. 14 Public health care facilities, general practitioners (GPs) and private unqualified practitioners provide health care. In contrast, Digri is a rural area in Mirpurkhas district. It is located about 300 kilometres from Karachi and comprises 294 000 people of Sindhi, Punjabi, and Balochi descent living in scattered small villages. Its literacy rate is lower than Lyari and agriculture is the primary source of income. 14 People seek health care from few qualified physicians at state-run Basic Health Units, private unqualified practitioners, and GPs. These two settings were selected conveniently as these house all the major ethnic groups (Punjabi, Mohajir, Pakhtoon, Sindhi, and Baloch) of Pakistan and hence the findings from the study may apply to the areas of this population origin.
Design
We defined the survey population as individuals aged at least 3 months and residing for at least 3 months in the selected localities. We used a cluster-sampling technique to select study subjects. We defined a cluster as a group of people living within specific administrative boundaries. These clearly demarcated areas are called sector in Lyari, and 'deh' in Digri. We selected a total of 34 clusters: 17 cLusters each from 133 available clusters in the rural area and 104 available clus-ters in the urban area based on probability proportional to size. Average number of houses in a cluster was 280 in the rural area and 650 in the urban area. People living together and sharing the same kitchen were considered as living in the same household. 15 We used the households as sampling units and individuals selected randomly from within house-holds as sampling elements. Within each cluster, we selected 35 households using systematic sampling following the right-hand rule with a random start from a central point and then selected one person from each household using the lottery method. 15 Trained interviewers fluent in the respondents' primary language interviewed participants or guardians of children <15 years of age to collect information on encounters with health care providers, ailment complaints, injection prescribers, injection providers, types of injection, safety circumstances, and cost of injections that were received during the 3 months preceding the interview. Injection was defined as a procedure that pierces the skin or a mucosal membrane to introduce a substance into the body. These injections included those administered for immunization, therapeutic (injections and infusions), or diagnostic purposes. 16 We defined a physician as a person with basic medical qualifications (MBBS) and physicians working in the private sector as GPs. We defined a dispenser as a person who dispenses medicine and provides the injection. Practitioners with no basic medical qualifications (MBBS) were considered 'unqualified practitioners'. These practitioners work independently and illegally at their clinics, prescribe and dispense medicine, and administer injections. We based sample size calculations on assumptions that 67% of the population received at least one injection during the past year with 95% confidence level and 3% precision. 5, 11 After allowance for a design effect of 1.68 and 10% non-response over the initial sample size of 621, we planned for 1149 study subjects. 15 The Ethics Review Committee of Aga Khan University, Pakistan approved the protocol. We explained the purpose of the study to the subjects and obtained verbal informed consent.
Statistical Analysis
We double entered data in Epi Info software version 6.04 and analysed it in Epi Info and Statistical Package for Social Sciences (SPSS) version 10.0. We estimated annual ratios of injections per capita and proportions of those who had received at least one injection and adjusted these estimates for the age and sex distribution of the population in the area as standard obtained from the National Population Census, 1998.
14 We obtained the annual ratio of injections per capita by multiplying the average number of injections received during 3 months by four. We calculated the overall cost of an injection to patients by subtracting the reported cost of visits during which no injection was administered from the cost of visit during which an injection was administered (the injection was paid for as part of the health care visit). We performed cluster analysis to account for clustering of injection practices at primary sampling unit level. We computed intraclass correlation coefficients and design effects and adjusted confidence interval and hypothesis testing for design effect. 17 
Results
We recruited 575 subjects in the urban and 575 in the rural setting (total: 1150). In the urban and rural areas, eight and five persons, respectively, refused to participate. We recruited replacements from adjacent households. The mean age of the study subjects was 25 years (SD: 18, median: 27 and range: 0.25-99 years); 873 (76%) were female. The proportion of study subjects who had no formal schooling was 56% (n = 321) and 75% (n = 424) in the urban and rural areas, respectively. The major ethnic groups were Sindhi [60% (n = 343)] in rural and Baloch [45% (n = 259)] in the urban setting. The median monthly family income was Rs. 4000 (US$63, mean: Rs. 4825, SD: Rs. 3538). Primary complaints on presentation to the health care provider during the last visit included fever (32%), body aches (13%), cough, flu, and sore throat (10%, Table 1 ).
Injection frequency
In this sample 968 (84%) participants reported contact with a health care provider during the previous 3 months. After adjusting for age and sex, 68% (95% CI: 66-69%) of all subjects (n = 1150) received at least one injection. The proportion of those who reported receiving an injection was slightly higher among those under 5 years of age (79%) than among older age groups (60-76%, Table 2 ).
The crude ratio of injections per capita per year was 11.4 (median: 8, SD: 28, range: 0-372). The ratio standardized for age and sex was 13.6 injections/person/year (Table 3) .
When we excluded the upper 2% of frequency distribution (all those receiving >60 injections per year) the age and sex standardized annual ratio of injection per capita in urban strata, rural strata and overall was 8.3, 7.3, and 8.2, respectively. In comparison with rural area residents, fewer urban area residents reported receiving an injection (81% versus 65%, P<0.001). However, when the mean number of injections was considered, urban area residents reported receiving more injections per capita than rural residents (14.6 versus 7.8, P = 0.004). This difference was accounted for by a higher number of injections per prescription in the urban area as well as a higher mean number of visits to health care providers during the previous 3 months (2.2 versus 1.2). Injection frequency also differed significantly between ethnic groups (F-test = 7.7: P < 0.001: data not shown). Baloch tribe people reported receiving the highest (19.7 injections per person per year) number of injections. The frequency of injection did not differ between male and female (11.9 versus 11.3 per year: P = 0.737). Most of those who presented for fever received injections (n = 279/309: 90%) and a slightly smaller proportion of those with other complaints also received injections (n = 567/657: 87%); the difference was not significant (P = 0.079). This suggests that injections are provided regardless of the presenting complaint and hence a large proportion of these injections such as those provided for fever, flu, etc. might not be necessary.
Types of injections
Of the 3585 injections administered during the previous 3 months, 96% were for therapeutic purposes ( Table 4 ).
The proportion of injections administered for vaccination was higher in the rural area (8%) than in the urban area (2%, P < 0.00 1).
Injection prescribers and providers
GPs prescribed the majority of the injections received in the urban [297 (75%)] and in the rural [238 (53%)] areas during last visit. Dispensers were major providers of injections (n = 644, 76%). GPs' clinics were the major setting (n = 571, 67%) in which injections were provided. The private sector provided a higher proportion of the injections in the urban than in the rural area (91% versus 68%, P< 0.001). None of the injections were provided by the patient him/herself, a dentist, or a family member ( Table 5) .
Safety of injections
During the last contact with the provider, a new syringe, defined as one opened in front of the patient was used for 191 (48%) and 263 (59%) injections in the urban and the rural area, respectively. Overall, 454 (54%) of the patients had been injected with freshly opened injection equipment (Table 6 ).
Of 82 vaccination injections during the last visit, 67 (82%) were provided with a freshly opened syringe. In comparison with providers at public facilities (n = 43/163, 26.4%), unqualified practitioner (n = 244/508, 48%: OR = 5.2: 95% CI: 2.7-9.8) and GP (n = 87/135, 64.1%: OR -2.5: 95% CI: 1.5-4.6) prescribed injections were more likely to have been administered with a syringe of uncertain safety.
Cost of injections
The overall cost of an encounter with a health care provider was Rs. 83 (US$1.3). This overall cost was Rs. 95 (US$1.5) when an injection was prescribed and administered and Rs. 44 (US$0.7) without injection. The mean and median differences between these two fees, Rs.5 1 (US$0.8), Rs. 15 (US$0.2) were significant (P<0.0O1, Mann-Whitney U test).
Discussion
Our findings indicate that the frequency of injection in Sindh province is one of the highest in the world. 2, 18 Injection use occurred mainly in the private sector where they are pre-scribed by GPs and provided by unqualified dispensers. In addition to being overused, injections are also unsafe. For only about half of injections that patient could recall had a new freshly open syringe been used. This high number of injections increases the risk of exposure to bloodborne pathogens. 9 Thus, decreasing unnecessary injections is an important component of any strategy to interrupt the transmission of blood-borne pathogens in Pakistan, which is facing an epidemic of hepatitis B and C. 19 Injection overuse has also been reported from other countries. The highest frequencies of injections per person has been reported from Romania, Moldova, and Mongolia, with 5.3, 12.4, and 13 injections per person per year. 2, 18, 20 In these countries, injections are used in a formal public health care setting, where they are prescribed by physicians and administered by nurses. Outdated treatment protocols often drive injection use in these countries, which used to follow the biomedical model of the former Soviet Union. In Africa, nurses prescribe and provide injections in the public sector. In Uganda, nurses administer the majority of the 5.3 injections that on average each person receives each year. 21 In Africa outdated treatment guidelines and financial incentive are key determinants of injection use. The introduction of revised treatment protocols reduced injection use in Tanzania. 22 In the state of Haryana, India, each person receives 2.5 injections each year. Injections are prescribed by GPs and unqualified practitioners in the private setting. 23 However, preliminary results of a nationwide assessment of injection use suggest that these values are underestimated (N. K. Arora, personal communication). Injections are overused because of economic incentives. 24 Injections in Pakistan are prescribed predominantly at GP clinics, where dispensers administer them. Injection administration is not driven by the old treatment protocols (treatment protocols are not present or prescribers are unqualified). Rather, economic incentives and perception about patient preference for injection are key drivers. Economic incentives play a key role: there is a difference in cost of the visit for which injection is included and the cost of a visit for which injection is not included. In addition, the health care provider earns more when he reuses the syringe for patients. Thus, efforts to decrease injection use should address economic incentives for health care providers, especially for GPs and unqualified practitioners. In Romania, Moldova, and Mongolia, an increase in the supply of single-use injection equipment in the last 10 years has reduced the reuse of injection equipment because it was insufficient supply of injection equipment that drove reuse. 25 Revision of treatment and sterilization guidelines has been found to reduce injection use and improve sterility in Tanzania. 22 In Pakistan, increasing injection equipment supply may not have a major effect on reuse in the private sector, as single-use syringes are already available in the market at tha low price of Rs. 2 (US$0.03). Thus, a number of other factors may explain unsafe injection practices including poor reg-ulation of malpractice, economic incentives, lack of awareness in the population, and poor consumer protection. 26, 27 In this situation, injection devices with reuse prevention features including auto-disable syringes, may improve safety. Other factors that could be beneficial include consumer empowerment through education to question the rationality of injec-tion prescription and the safety of the syringe. Injection practices in Pakistan are more similar to those in other countries in South-East Asia, and in the eastern Medi-terranean region. In Egypt, India, Nepal, Thailand, and Indonesia injection use is also high. Most injections are administered in the informal or the private sector and reuse is common. 1, 23, [28] [29] [30] The predominant use of health care from private and informal providers in these countries may explain the injection practices similar to those observed in Pakistan. Thus, attempts to improve injection safety must give priority to the private sector in Pakistan and other countries of the region with similar practices. Since the private sector is not under the direct control of the government, their practices may not have been regulated previously. Thus, more efforts and programmes are needed to engage private provid-ers in a dialogue on injection safety. Our population sample included people who have been hospitalized or are also diabetics. These individuals received many injections. The distribution of injection frequency is skewed towards the right in our sample, estimates without excluding upper 2% were 13.6 and after removal were 8.2. This distribution of injections has important implications. Firstly, in planning injection equipment supply needs, if estimates include few high injection users, they will falsely overestimate the injection equipment required at provincial or national level. Secondly, these estimates should not be used crudely in the mass action model for estimating transmission the risk of blood-borne pathogens to the general population as a high proportion of injections are clustered in a small proportion of the population. 9 Our study had the following limitations. Firstly, in our study sample the males in the age group 15-45 years and school-age children were under-represented because we were able to visit a household only once and these population groups were not present at home during the day. To address the selection bias we obtained age and sex standardized estimates for injection frequency. Secondly, the cost of an injection cannot be measured accurately in population surveys, as it is aggregated in a single fee that includes the consultation fee, drugs, and injec-tions. While we tried to address this limitation by comparing the cost of visits with injections and without injections, facility surveys are a more appropriate method to estimate the components of the cost of an injection more accurately. Thirdly, the annual ratio of injections obtained by extrapolation of 3 month recall may slightly overestimate immunization injections over the year as well as overall estimates, since immunization injections may have been received once or twice during the study period. Although this may not have major effect on overall estimates, the findings should be used with caution. Fourthly, the two communities are not a strictly statistically representative sample from Sindh province or Pakistan. Injections are overused in Sindh province of Pakistan to administer medication and the number of injections per capita that we found is among the highest ever reported. Such a high frequency of injections needs the attention of the policy-makers. The private sector, especially GPs, is a major contribu-tor to this injection overuse. Thus, that sector should be the key target of interventions to reduce injection frequency. Interventions that address providers' economic incentives may contribute more to reducing injection frequency. In addition, interventions are needed to improve the safety of injections. These include the introduction of injection devices that prevent reuse, behavioural modification of providers, increasing awareness in the population of risks associated with injection, creating consumer avoidance of injections and demand for safety. The introduction of auto-disable devices may engage providers in safer injection practices. Interventions that can be easily translated and integrated into an already existing programme may be more promising in reducing injection overuse. Further research is needed to assess how many of the injections administered are unnecessary and hence could be avoided.
